Antioxidant activity of different types of tea (green, oolong, black, pu-erh ) were measured using different modern methods. Several types of commercially available teas, from various manufacturers were tested for antioxidant content using the amperometric method, the data is displayed here. Data gathered about antioxidant content of these different tea samples can be used to estimate quality and type of tea. The data collected using this method is also important when trying to account for the normal daily consumable antioxidant of healthy people and also patients using clinical antioxidant therapy.
Introduction
In the last decade, determination of antioxidant activity and the total content of antioxidants in foods, beverages, dietary supplements and herbal extracts has been in wide demand. This relates to the fact that antioxidants can prevent free radicals, primarily highly reactive oxygen and nitrogen species, from damaging human health.
The steady increase of free radicals in cells creates the conditions for so-called oxidative stress, wherein free radicals oxidize blood vessel walls, protein molecules, DNA, and lipids. These radicals are particularly active in interacting with membrane lipids that contain unsaturated bonds, and thus alter the properties of cell membranes. The most active free radicals break bonds in DNA molecules and damage the cells' genetic apparatus regulating their growth, which can result in cancerous cells. Recently a large number of diseases have been associated with oxidative stress. Oxidative stress also plays a key role in aging.
Harmful effects of free radicals and oxidative stress can be reduced by regular consumption of foods and beverages which exhibit antioxidant activity.
The primary natural antioxidants include flavonoids, oxiaromatic acids, vitamins C and E, carotenoids, and other compounds.
In recent years bioflavonoids have become more popular since they possess anticarcinogenic, antisclerotic, antiallergenic properties, and their antioxidant activity is several tens of times greater than α-tocopherol, vitamin C, and β-carotene. A combination of natural bioflavonoids contained in vegetables, berries, fruits, grains, seeds, nuts, etc. is especially effective. Bioflavonoids are synthesized by plants to protect them from oxidative processes, and during long-term evolution they formed their optimal combinations.
Plant-based bioflavonoids effectively protect the human body from oxidative stress; a conclusion base on substantial epidemiological evidence.
Tea is one of the richest sources of antioxidants and the three major forms of antioxidant tea are green tea, oolong tea, and black tea. These teas are differed in producton methods and chemical composition [1, 2] .
The major antioxidants in tea are catechins, then theaflavins, thearubigins, oxyaromatic acids, flavonols, such as kaempferol, myricetin, quercetin; flavones, such as apigenin; derivatives of gallic acid, such as tannins, etc. The most powerful antioxidant tea is green tea which is characterized by the presence of large amount of flavan-3-ols known as catechins.
(-) Epigallocatechin-3-gallate (EGCG) is most abundant catechin in green tea and may occure up to 50% of the catechins by weight. Oolonng tea is partially oxidized or fermented tea (25-60%) and black tea is fully oxidized. The result of catechins oxidation is the formation of catechins dimers, known as theaflavins. These compounds are responsible for the color and taste and also a key factor in the antioxidant activity.
The known in vitro antioxidant properties of catechins and other polyphenolic compounds in tea have led to interest in the potential health benefits of tea consumption [3] . The evaluation of their efficacy as antioxidants in vivo is more complex [4] . Numerous epidemiologic studies have addressed the relationships between tea consumption and the incidence of cardiovascular diseases [5] [6] [7] [8] [9] . The antioxidant activity of green tea polyphenols and, more recently, the prooxidant effects of these compounds, have been suggested as potential mechanisms for cancer prevention [10] [11] [12] . The mechanism of action of tea on human health can be characterized not only by potent antioxidant activity (like reduction of LDL oxidation, lipid per oxidation, and DNA oxidation [13, 14] ) but also anti-inflammatory (skin disorders, arthritis) and thermogenesis (fat oxidation and energy expenditure) activities as well [15] .
In [2] has been shown that although tea polyphenols have generally been regarded as antioxidants, the emerging evidence for the prooxidant effects of these compounds is interesting and raises many potential questions. Studies using higher doses of EGCG also show that pro-ixidant effects may play a role in the potential toxic effects of EGCG that have been reported in vivo [16] . Most case reports involved the use of nontraditional dosage forms (e.g., pills, or capsules) but there has been a report of green tea beverage causing hepatoxicology [17] . The existing differences in sensitivity to potential green tea toxicity are unclear and probably related to individual differences in metabolism and bioavailability of green tea polyphenols [2] .
Antioxidant activity in tea is measured by well-known methods, such as ORAC, FRAP, ABTS, etc. [18] [19] [20] [21] [22] .
The Oxygen Radical Absorption Capacity method (ORAC) is based on the measurement of fluorescence quenching in fluorescein when it is exposed to the stable radicals and antioxidants being studied [22] .
The Ferric Reducing/Antioxidant Power (FRAP) assay is based on the recovery of an Fe (III)-tripyridyltriazine complex in Fe (II) at low pH, exhibiting an intense color [19, 20] .
The total content of antioxidants can be determined by an amperometric method and high performance liquid chromatography.
Determination of Antioxidant Activity
Antioxidant activity of green tea, as measured by different methods, is usually higher than the antioxidant activity of black tea or oolong tea [18, [22] [23] [24] [25] .
However, it was determined that the theaflavins in black tea and catechins in green tea are equally effective antioxidants [26, 27] .
The antioxidant activity of certain types of tea, i.e., green tea [28, 29] , black tea [30] and oolong tea [31] [32] [33] have also been investigated.
The major hypothesis of the beneficial health effects of tea is associated with its antioxidant properties [34] . In addition to the capturing (quenching) of free radicals, the tea catechins can chelate metal ions such as iron and copper, preventing their participation in Fenton and Haber-Weiss reactions [35] .
Antioxidant capacity of various teas and tea polyphenols has been investigated in many studies [36] [37] [38] [39] [40] [41] [42] [43] . Using the oxygen radical absorption capacity method (ORAC), green and black teas were found to have a higher antioxidant activity with respect to peroxyl radicals than vegetables (garlic, kale, spinach, and Brussels sprouts) [22] .
The total antioxidant activity of green tea was shown by FRAP to be higher than that of black tea [19] . Epicatechin and catechin were classified by the trolox equivalent antioxidant capacity (TEAC) method as the best among 24 plant flavonoids [44] .
Coulometric evaluation of the antioxidant capacity of several tea extracts was performed using electrogenerated bromine [45] .
In this case, the integral antioxidant capacity (AOC) of tea was assessed in kilocoulombs (kC) per 100g of tea. At the same time, the total flavonoid content was determined in terms of rutin and was expressed in mg/100g of tea.
The bromine AOC in black teas ranged from 7.4 to 19.3 kC/100g. The total flavonoid content was within the range of 29±1.3 to 72±9.5.
The total content of phenols as well as the portion of catechins in them was determined in black and green teas by the Folin-Ciocalteu method [40] . The content of all polyphenols in black teas ranged from 80.5 to 134.9 mg/g of dry tea weight relative to gallic acid. The greatest amount of total polyphenols were found in Ceylon black tea. The percentage of all catechins in the total content of polyphenols in black tea was determined to range from 10.1 to 37.3%. The largest percent of catechins was detected in black Darjeeling tea.
The total content polyphenols in green tea was within the range of 65.8 to 106.2 mg/g, and the portion of catechins varied from 50.4 to 98.0%. The largest percent of catechins was identified in Japanese green tea (Bandia).
In one of the studies the total antioxidant capacity of 27 different types of tea (green, black, oolong, and Pu-erh) was determined using FRAP assay [19] . Five grams of dry tea powder was brewed in 150 ml of boiling distilled water. The antioxidant capacity ranged from 132 μmol/g for Pu-erh tea and up to 1,144 μmol/g for one grade of green tea. The average values are given in Table 1 . These measurements show that antioxidant activity of green tea is higher than that of black tea.
The values for antioxidant activity varied by 2-3 times-the authors attribute this to the tea grades as well as cultivation, production, and storage conditions.
The antioxidant capacity of brewed teas changed only slightly during storage for 48 hours at 4°C.
The antioxidant activity of catechins depends on the number of hydroxyl groups, that is epigallocatechin gallate (8 hydroxyl groups), epicatechin gallate (7), gallocatechin (6) , and epicatechin (5) [46] . Amperometric method (AM) used for determination of antioxidants is based on measuring an electric current in the detector cell which occurs during oxidation of the analyte on the working electrode surface when certain potentials are applied [18] . The signal is recorded as differential output curves. Using special software, the areas or peak heights (of the differential curves) are calculated for the analyte and for the reference substance. The average value of three to five consecutive measurements is used for the analysis. Well-known antioxidants, such as quercetin, dihydroquercetin, mexidol, trolox, gallic acid, etc., could be used as reference substances.
The amperometric method has several advantages for determining antioxidant activity: not taking into account sample preparation, one determination takes only a few minutes; analysis (data recording and processing) takes place in real time; accuracy and reproducibility of the analysis is ensured by accurate dosing with a six-way valve; standard deviation (SD) of valve dispensal is less than 0.5%; SD of the successive measurements of the analyzed samples is less than 5%; limit of detection for polyphenols and flavonoids is at the level of nanograms and picograms (10 -9 -10 -12 g). At such low concentrations, the likelihood of the mutual influence of different jointly present antioxidants, such as by a manifestation of synergy, is significantly reduced.
The amperometric method is the only method which allows for direct measurement of all antioxidants in a sample. Other methods are indirect-they measure the inhibition of reaction mixtures (free radicals) generated by certain reactions.
Using the amperometric method, the total content of antioxidants was determined in many varieties of teas produced by different companies. Table 2 provides data for green tea and Table 3 for black tea. Table 4 shows the total content of catechins, all polyphenols, theaflavins, and thearubigins in different varieties of tea from Kenya, Japan, and China [43] . The total content of catechins ranged from 3.07 to 4.62 mg/g for black tea and from 3.31 to 14.93 mg/g for green tea. The total content of polyphenols is rather high for almost all types of tea. Significant content of theaflavins and thearubigins was found in some green teas. This was probably caused by a breach of green tea production technology. Green tea which was prepared by traditional technology and was properly stored contains virtually no theaflavins or thearubigins. This fact is confirmed by data shown in Table 5 . The total content of theaflavins is very small in green teas.
The total content of catechins estimated by HPLC relative to the sum of all peak areas for all detected catechins is provided in Table 6 . The measurements were made for the most famous and expensive teas (black, white, yellow, and green).
All types of tea contained epigallocatechin gallate (EGCG) in the greatest amounts, followed by ECG and EGC. Catechin and epicatechin were present in significantly lower amounts. In one study, the contribution of individual components of green and black tea into the overall antioxidant activity as well as their concentration, was determined. The compounds in tea were identified by HPLC-MS. Antioxidant activity was determined relative to ABTS + , which is a stable free radical (2,2 1 -azinobis-(3-ethylbenzthiazoline-6-sulfonic acid). C-trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) was used as a reference compound. The green tea samples were from Kenya. 3 g of tea leaves were brewed in 300 ml of boiling water. Table 7 shows the concentration and antioxidant activity of catechins and theaflavins in green and black teas, and Table 8 shows contribution of individual components to the total antioxidant activity.
As seen in Table 8 , catechins contribute the most to the antioxidant activity in green tea, whereas in black tea antioxidant acids contribute more than theaflavins. For some reason, the contribution made by thearubigins is not mentioned in this study.
The total antioxidant activity measured by HPLC and by ABTS without separation varied greatly: HPLC showed 8340±60 for green tea and 1494±4.0 for black tea; ABTS showed 11302±226 for green tea and 7382±184 for black tea. The difference of antioxidant activity measured by these methods is 2682 for green tea and 5888 for black tea.
Such differences may indicate that most of the high-molecular compounds are not eluted from a chromatographic column. Therefore, HPLC method gives lower results. Thearubigins are not eluted from the column under these conditions. 
Conclusion
This review shows that tea has a high level of antioxidant activity. In overall antioxidant activity, tea takes a place among the highest rank, along with red wine and cocoa.
Antioxidant activity of tea is effected by many natural polyphenols: catechins, oxyaromatic acids, tannins, flavonols, thearubigins, theaflavins, etc.
Antioxidant activity of various tea grades, as identified by modern methods, descends in the following order: green>oolong>black>Pu-erh tea. Antioxidant activity of green tea is effected mainly by catechins (90%), of black tea-by theaflavins and thearubigins. Rapid determination of the total antioxidant content in tea by an amperometric method can be used to assess tea quality and authenticity.
